Introduction: Whooping cough-like respiratory tract infections (WCLRTI) caused by factors other than the Bordetella pertussis are available. Clinical picture is difficult to differentiate between the B. pertussis and viral respiratory infections. Methodology: Eighty-five patients with the diagnosis of WCLRTI were divided into 3 groups. Group 1 involved patients with pertussis shown by nasopharyngeal aspirate culture (NAC) and/or PCR. Group 2 consisted of patients who B. pertussis was not detected by NAC however, clinicians still evaluated them as potential patients of pertussis. Group 3 involved patients with the diagnosis of WCLRTI and those with VRTI detected by antigen detection/PCR. Results: Patients with pertussis had longer duration of the symptoms prior to admission. Paroxysmal cough, whooping, vomiting after coughing, cyanosis, apnea, seizures and abdominal hernias were more common in patients with pertussis. Fever, wheezing, tachypnea, retraction, fine crackles and rhonchi were more common in Group 3. Chest radiographs of patients in Group 3 revealed more bronchopneumonic infiltration, increased aeration, and atelectasis. CRP (C-reactive protein) and ESR (erythrocyte sedimentation rate) were significantly higher in Group 3. Of the patients 43.6% had no pertussis vaccination due to being < 2 months in age and 29.4% had 1 dose. Conclusions: Pertussis should be thought in differential diagnosis of children with complaints of episodes of paroxysmal cough, cough accompanied by gasping, vomiting after coughing; with leukocytosis, lymphocytosis and a normal chest X-ray. The majority of children with pertussis infection are those who have not had the opportunity for vaccination.
Introduction
Pertussis (whooping cough) is an acute respiratory tract infection, caused by Bordetella pertussis [1] . Although it is vaccine preventable disease, it is endemic among children all over the world almost all the time and leads to outbreaks from time to time [2] [3] . Other than B. pertussis there are respiratory tract infections which cause pertussis like coughing [4] . Clinical picture is difficult to differentiate between these entities. It is possible to differentiate pertussis and other respiratory infections only by showing pathogenic organisms [5] . However, it is difficult to reach diagnostic methods such as PCR in resource limited regions. In this case, the clinician has to make a diagnosis based on clinical findings. At this point, it may be useful to compare the clinical and laboratory findings of pertussis proven patients with cases confirmed viral infections but excluded pertussis. In present study, we describe the clinical and laboratory features of the patients, who were under 2 years old, who were with B. pertussis and viral respiratory infections and who were admitted with diagnosis of pertussis-like coughing.
Methodology
We retrospectively evaluated 85 patients admitted to Ankara University Pediatric Infections Disease Service with pre-diagnosis of pertussis like coughing between May 2002 and April 2013, Ankara, Turkey. Of all cases, 49.4% girls (n = 42), 50.6% boys (n = 43). Median age of all patients was 2 months (27 days to 17 months). Patients were divided into three groups based on the fact that the microorganism causing the disease was detected or not. Group 1 involved patients with B. pertussis shown by nasopharyngeal aspirate culture and/or PCR. Group 2 consisted of patients presenting with symptoms and signs compatible with pertussis without history of exposure to a confirmed case or in the absence of etiological confirmation; however, clinicians still evaluated them as potential patients of pertussis based on the WHO and Ir-CDC the criteria [6, 7] . Group 3 involved patients with diagnosis of whooping cough like viral respiratory infections and those with viral respiratory infection confirmed by antigen detection/PCR in nasopharyngeal aspirates and nasopharyngeal aspirate culture and PCR was performed all patients and B. pertussis and other bacterial pathogens were excluded. Group 1 consisted of 25 and Group 2 and 3 consisted of 30 patients.
Demographic data, data of clinical signs and symptoms, laboratory findings and clinical follow up findings were taken from patients' hospital records. The ethics committee of our university approved the study protocol with the number 06-173-12.
The study groups were compared with the pertussis severity score (Table 1) [8] .
Statistical analysis was performed using SPSS (Statistical Package for the Social Sciences) version 21.0 for personal computers (Chicago, IL, USA). The groups were compared in terms of demographic, clinical and laboratory characteristics. Group differences in categorical data were analyzed using the Chi-square test. In cases of normally distributed data student t test and of non-normally distributed data the Mann-Whitney U test were used to determine whether the difference between the groups was statistically significant. A value of p < 0.05 was considered as statistically significant.
Results
In present study we evaluated 85 patients admitted to Ankara University Pediatric Infections Disease Service with diagnosis of pertussis like coughing between May 2002 and April 2013. Of all cases, 49.4% girls (n = 42), 50.6% boys (n = 43). Median age of all patients was 2 months (27 days to 17 months); the median age was 2 months (27 days to 9 months) in Group 1, 2.5 months (29 days to 14 months) in Group 2 and 2.5 months (28 days to 17 months) in Group 3. No significant statistical difference was observed among groups regarding gender and age (p = 0.313, p = 0.406) respectively.
In Group 1, B. pertussis was detected in patients via culture (60%) and PCR (40%). Culture was taken from all patients in Group 2; however causative agent was not detected in anyone. In Group 2 PCR could only made in 2 patients but B. pertussis and other viral microorganisms were not detected. The most frequently identified microorganisms were influenza virus and RSV in Group 3 by PCR ( Table 2 ).
The median interval between onset of disease's specific symptoms and admission to hospital where diagnosis was made, was 10 days (0-30 days) in Group 1, 11.7 days (0-60 days) in Group 2, on the other hand it was 6.1 days (0-30 days) in Group 3. It was significantly longer in Group 1 and 2 than in Group 3 (p = 0.002). Of the patients in Group 1 60% (n = 15), in Group 2 60% (n = 18), in Group 3 46.7% (n = 14) had at least one coughing family member except index case.
In patients with confirmed viral infection (Group 3) fever, nasal discharge, wheezing, tachypnea, fine crackles, rhonchi, retraction and prolonged expiration were more common than among patients in Group 1 and 2 (p < 0.001) ( Table 3 ). When the three groups were compared regarding whooping accompanied coughing, whooping was more common in Group 1 and 2 (p < 0.001). Inspiratory whooping was observed in 23 (92%) of the patients in Group 1, 16 (53.3%) of the patients in Group 2; however, none of the patients in Group 3 was observed to have whooping. Vomiting after coughing, cyanosis, apnea, seizure, hernia were observed significantly more common in Group 1 and 2 and pneumonia was observed significantly more common in Group 3 ( Table 4 ). Hernia and facial swelling were observed only Group 1.
At admission, chest X-ray of patients with viral illnesses (Group 3) revealed more broncopneumonic infiltration, increased aeration and atelectasis ( Table 5) .
While mean white blood cell and thrombocyte count were higher in Group 1 than in Group 3, erythrocyte sedimentation rate and C-reactive protein were more commonly elevated in the patients of Group 3 ( Table 6 ).
The treatments given to the patients after being hospitalized with pertussis like coughing were assessed. All patients received oxygen and intravenous fluid when necessary. Oral macrolide group of antibiotics initiated in all of the patients in Group 1 and 2. Of the patients in Group 3, 9 patients (30%) received oral oseltamivir. It was identified that while all patients in Group 1 and 2 were given oral salbutamol treatment, all patients in Group 3 were given inhaler salbutamol treatment.
There was no significant difference among groups regarding follow up in PICU and in mechanical ventilation. While 10 patients (40%) in Group 1 were followed up in PICU, only 1 (4%) was connected to ventilator support. Seven patients (23.3%) in Group 2 and 4 (13.8%) patients in Group 3 were followed up in PICU; none of the patients in these two groups (Group 2 and 3) required ventilation support. In the regarding leukocytosis and thrombocytosis, there was no difference between pertussis patients who were followed up in PICU and the patients who were not. It was identified that mean WBC (white blood cell) number was higher in patients followed up in PICU than those not followed up; there was no difference between groups regarding thrombocytosis. Median WBC number of the patients followed up in PICU was 15400/mm 3 (8600-65600/mm 3 ) while that of those not followed up was 11400/mm 3 . The median platelet number of the patients followed up in PICU was 449058/mm 3 (19000-733000/mm 3 ) while that of those not followed up was 427567/mm 3 (144000-733000/mm 3 ). Average length of hospitalization was significantly longer in Group 1 than Group 2 and 3. Average length of hospitalization was 11.9, 5.5, 6.9 day in Group 1, 2 and 3, respectively.
Of the 85 patients, 37 (43.6%) had no pertussis vaccination due to being younger than 2 months; 25 (29.4%) had 1 dose, 8 (9.4%) had 2 doses and 15 (17.6%) had three doses pertussis vaccination. Of the 25 patients in Group 1, 11 (44%) had no vaccination, 10 (40%) had one dose, 2 (%8) had 2 doses, 2 (8%) had 3 doses pertussis vaccination; of 30 patients in Group 3, 13 (43.3%) had no dose, 8 (26.7%) had 1 dose, 1 (3.3%) 2 doses and 1(3.3%) had 3 doses vaccination. There was no significant statistical difference among groups regarding vaccination.
When we compared WBC number and lymphocyte ratio of the patients who had no vaccination with those of the patients who already had three doses of childhood pertussis vaccination, we did not observe significant difference (p = 0.377, p = 0.499). When we assessed relation between need for PICU and vaccination status in the patients with pertussis (Group 1 and 2), we did not identify significant difference. When we assessed relation between length of hospitalization and vaccination status; we observed that patients who had no pertussis vaccination had longer hospitalization than patients who had three doses of pertussis vaccination. Average length of hospitalization of the patients who had no vaccination was 10.74 days (2-37 days) while of the patients with 3 doses vaccination was 5.38 days (3-9 days).
Discussion
Pertussis has considerably decreased with vaccination against B. pertussis during childhood, and worldwide mortality and morbidity of pertussis has decreased significantly [9] . However, in recent years a significant increase in disease incidence and even epidemics has been reported even in the developed countries where pertussis vaccination ratio is high [10] [11] [12] . Studies indicate pertussis infection has increased among adolescents and adults [10] [11] [12] . However, infected adults and adolescents serve as a reservoir for infection of infants and children in whom disease progress severely and cause mortality [13] . Table 5 . Chest X-ray findings according to groups.
Finding
Group 1 n (%)
Group 2 n (%)

Group 3 n (%) P value
Broncopneumonic infiltration 2 (6.7%) 2 (8%) 11 (37.9%) < 0.0001 Increased aeration 4 (16%) 0 13 (44.8%) < 0.0001 Atelectasis 0 3, 2 (6.7%) 4 (14.3%) < 0.0001 The pertussis vaccine provides partial protection; full infant protection may not be achieved until after the completion of primary vaccination at 6 months [14] . Acceptable immunity against pertussis is accomplished one month after the third dose of the vaccine [15] . Thus, unvaccinated or incompletely vaccinated young infants are highly susceptible to pertussis. In our study, age of patients ranged from 27 days to 17 months, median of the patients in Group 1 was 2.48 months (27 days-9 months) and most of the patients were too young to benefit from immunization. Of the patients 43.6% had no pertussis vaccine because they were not yet 2 months old. In the study of Bayhan et al. it was recorded that 53.9% of the patients hospitalized with pertussis had no pertussis vaccination due to being under 2 months and 7.1% of those had no vaccination due to social causes [16] .
Practically pertussis infection is diagnosed clinically but diagnosis of pertussis with only clinically based symptoms is difficult. Even in typical cases, clinicians resort microbiological methods for final diagnosis [17] . Culture is the gold standard method but sensitivity is considerably low. In recent years PCR has become more popular method and has contributed to increased laboratory diagnosis [18] . Several studies have reported that the possibility of determining B. pertussis with PCR method increased 2.6-13 fold when PCR compared with culture [19] [20] . In our study B. pertussis was determined in 40% the patients via culture, and 60% of the patients via PCR method in Group 1.
Other than B. pertussis there are bacterial and viral microorganisms causing pertussis-like coughing. [24] .
In studies carried out in recent years even in developed countries with high vaccination rates, pertussis has seen in especially among adults and adolescents. Pertussis infection in them is asymptomatic or atypical. These adults and adolescents, source of infection, can transmit B. pertussis to small children and children without B. pertussis vaccination [25] . It is known that transmission of infection to children whose B. pertussis vaccination is incomplete between 0-1 years is frequently infected family members [13] [14] . In our study, the 60% family members of Group 1 patients had pronged cough. In the other studies, the patients belong 6 months diagnosed with pertussis infection, 34-85.7% got infected via household contact, especially parent's contact similarly [26] [27] . In 2016 reports of CDC it was emphasized that the disease has increased among adolescents (33.3% of the reported cases in 2016) and adults (22.1% of the reported cases in 2016) and these age group of patients are important risk factor to transmit infection to children whose pertussis vaccination is incomplete [1] .
In our study, we identified that medium coughing times in Group 1 was 10 days, 11.7 days in Group 2 and in these two groups coughing time was significantly longer than coughing time of patients in Group 3. Similar to ours the study by Delma J et al. determined coughing time of the patients with B. pertussis before admission was 11 days and 3.4 days in control group [28] . In the study by Bayhan G et al. the interval between beginning of disease's symptoms and admission to third level hospital was identified as 11.6 days [16] . All those data make us think that time interval is needed remarkably long period of time between onset of the symptoms associated with pertussis and admission to hospital and final diagnosis.
Up to now there have been different severity scoring systems to assess severity of disease and risk factors of severe pertussis disease in children [8] . When we assessed whether there was any difference among groups as regards pertussis severity scores, the median score of the patients of Group 1 was 9 (4-18), of Group 2 was 5 (3-12) and of Group 3 was 4 (1-9) when compared pertussis severity scores of groups Group 1 had significantly higher pertussis severity score than Group 2 and 3 ( Table 1 ) . Accordingly pertussis severity scoring system, 6 points and less is mild disease and more than 6 points is severe disease [8] . In Group 1, 72% of the patients had more than 6 points and severe disease incidence in Group 1 was determined significantly higher (p < 0.001). In a study carried out during the pertussis outbreaks in Australia, 132 patients were evaluated and it was observed that 56.9% of the patients were under 2 months and 23.5% of the patients had severe pertussis infection [8] .
In pertussis infection in addition to typical coughing, vomiting, cyanosis, apnea, hernia, conjunctival bleeding and facial swelling were frequently observed. In our study it was determined that vomiting after coughing, cyanosis and apnea were significantly more common in the patients with pertussis (Group 1 and 2) . In the study of Delma J et al. carried out in 2010 California epidemic, of the 32 patients with pertussis 63% had cyanosis after coughing, 25% had apnea or seizures and these were significantly higher in the patients with pertussis than in control subjects (6% and 11% respectively) [28] . Francis CM et al. reported that at first admission of the patients with pertussis 95.7% patients had paroxysmal coughing, 73.9% patients cyanosis, 58.7% patients whooping, 26.1% patients respiratory distress and 21.7% patients had vomiting after coughing [29] . Heininger U et al. observed that of the 259 patients with pertussis at first admission 90.2% had paroxysmal coughing, 53% had vomiting after coughing and 73.9% had whooping [30] . Pneumonia is a common complication of pertussis. According to CDC data, almost 1 in 4 (23.3%) of patients with pertussis get pneumonia [1] . We observed that of the patients in Group 1 16% and of those in Group 2 27% get pneumonia. In our study fever, nasal discharge, wheezing, tachypnea, retraction, prolonged expiration, fine crackles and ronchi accompanying coughing were significantly higher in patients in Group 3 (p < 0.001). Delma J et al. reported that fever and nasal discharge were more common in control subjects (p < 0.001) [28] . Heininger U et al. reported 38°C or higher fever only in 5.7% of 2592 patients with pertussis in at admission [30] .
Leukocytosis with lymphocytosis in peripheral blood smear supports diagnosis of pertussis. But there is not a consensus about upper limits of leukocytosis and lymphocytosis in literature. In a study, it was reported that white blood cell number in patients hospitalized with pertussis was 18500 ± 9300/mm 3 that there was lymphocytosis in peripheral blood smear. Guinta Ocambo H et al. observed that sensitivity of lymphocytosis was 89% and specificity was 75% in pertussis diagnosis [31] . In our study while median WBC count of patients in Group 1 was 15.350/mm 3 , in Group 2 11.700/mm 3 and in Group 3 11.250/mm 3 . When compared lymphocyte ratio of the groups in peripheral blood smear was significantly higher in Group 1 and 2 (68% (20-80%) in Group 1, 63% (20-90%) in Group 2 and 45% (10-80%) in Group 3).
Clinical pertussis is defined as B. pertussis infection which needs PICU following which may conclude with death. Clinical pertussis disease is more common in early childhood because in this period adequate immunization is problematic [32] . Therefore in developed countries this age group is protected from pertussis with alternative adulthood immunization and cocoon strategy. In our study we determined that 10 (40%) patients with demonstrated pertussis were followed in PICU and only 1 of the 10 patients were followed in PICU needed mechanical ventilation support. In the study of Villalobos Pinto E et al. 29 .3% of the patients hospitalized with pertussis during 2008 and 2011 was recorded to be followed up in PICU [33] . Among our patients with pertussis followed up in PICU nobody died. We think that we stopped prognosis of disease with appropriate antibiotics and supportive therapy on early phase of the disease. Especially, the patients with pertussis and under 1 year need hospitalization.
All of the patients included in our study were hospitalized. Length of stay in hospital in the patients with pertussis was determined to significantly longer than the patients with viral infections. In our study the patients with pertussis had medium length of stay of 11.9 days. In the study of Villalobos et al. medium length of stay in hospital was 7.44 days (1-40 days) and Ferrer Marcelles A et al. was 11 days (1-70 days) which was similar to ours [34] . In the study of Costagnini et al. the patients with pertussis and pertussis like coughing were compared and while medium length of stay in hospital was 14.5 days in the patients with pertussis, it was recorded to be 5.5 days in the patients with pertussis like coughing [23] .
The most important two limitations of our study are that all cases were not taken at the same time and Group 2 may be composed of both B. pertussis and viral infected cases. However, we cannot prove that since PCR was not available at that time.
Conclusion
We should firstly consider pertussis disease in differential diagnosis in patients with paroxysmal coughing episodes, whooping accompanying coughing, vomiting after coughing or cyanosis; leukocytosis or lymphocytosis by age and with normal chest X-ray.
We should consider viral infections which cause pertussis like coughing in differential diagnosis in patients' nasal discharge accompanying coughing, wheezing and fever, tachypnea, retractions, prolonged expiration, fine crackles and ronchi, elevated ESR and CRP in laboratory with infiltration in chest X-ray.
Patients with B. pertussis infection have higher pertussis severity scores and their length of stay in hospital should be longer. Although B. pertussis infection is still mortal disease mortality can be decreased with appropriate treatment and supportive care. Most of the patients with pertussis had no opportunity being vaccinated. That's why vaccination of adults and adolescents who can contaminate infection to infants should be attached importance.
That's why importance should be given to vaccinating, adults and adolescents transmitting infection to infants.
